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6 Pin Configuration and Functions

PWP Package
20 Pin HTSSOP

Top View

ENCI]10 20T ILIM

VIN T2 191 VvCC
SW[IT]3 18 [T PGND
SW[I]4 17 .1 PGND

VOUT ] 5 16 [T DIM2

RT(I]s Exposed |15 L] DIM1/CLK

FBCL 7 Thermal |14 [T LGND
GNDCT]s | Pad 13 |-T3J COMM

IOUT2 ]9 a 12 10 IREF
IOUT1 1] 10 111 CDHC

NC — No internal connection

Pin Functions

PIN a
TYPE® DESCRIPTION
NAME NO.
Dynamic headroom control. An external capacitor connected to this pin sets the DHC sensitivity. At
CDHC 11 | start-up, a 12- pA internal current source charges an external capacitor to provide a soft-start
function.
Bidirectional logic communication. This pin is open drain for various indications (power-good,
COMM 13 1/0 overtemperature, IOUT overvoltage and undervoltage) and command sending (switching frequency
tuning and channel 1 disabling).
Dimming control of channel 1. Control the on and off of the current regulator of channel 1. This pin is
DIM1/CLK 15 1/0 internally pulled low by a 5-pA current. This pin also serves as a clock signal for latching input and
output data of the COMM pin.
Dimming control of channel 2. Control the on and off of the current regulator of channel 2. This pin is
DIM2 16 | h
internally pulled low by a 5-pA current.
EN 1 | Enable input. Contains an internal pullup. Connect to a voltage higher than 1.63 V to provide
precision enable for the device.
FB 7 | Output voltage feedback. The output voltage is connected to this pin through a feedback resistor
divider for output voltage regulation. The voltage of this pin is from 1.05 V to 2.5 V.
GND 8 G Analog signal ground. Connect to the exposed pad directly beneath the device.
ILIM 20 | Peak current limit adjust. Connecting an external resistor from the ILIM pin to the VCC pin reduces
peak current limit. Connect the ILIM pin to ground to obtain the maximum current limit.
IOUT1 10 | Current regulator input for channel 1. Input of the current regulator of channel 1. The regulated
current is programmable (see the IREF pin).
IOUT2 9 | Current regulator input for channel 2. Input of the current regulator of channel 2. The regulated
current is programmable (see the IREF pin).
Current setting pin for the current regulators. An external resistor connected from this pin to ground
IREF 12 |
programs the regulated current of the current regulator of channels 1 and 2.
LGND 14 G Current regulator ground. Must be connected to the GND pin and exposed pad for normal operation.
The LGND and GND pins are not internally connected.
(1) 1= Input, O = Output, G = Ground

Copyright © 2012-2015, Texas Instruments Incorporated 3
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Pin Functions (continued)

PIN 1
TYPE® DESCRIPTION
NAME NO.
PGND 17 G Integrated MOSFET ground. Must be connected to the GND pin and exposed pad for normal
18 operation. The PGND and GND pins are not internally connected.
RT 6 | Frequency control pin. An external resistor from the VOUT pin to this pin sets the switching
frequency.
3 , . .
SW 4 | Switch node. Internally connected to the drain of the integrated MOSFET.
VCC 19 o Internal LED regulator output. Nominally regulated to 5.5 V. Connect a capacitor of 0.47-uF or larger
between the VCC and GND pins.
VIN | Input supply voltage pin. Input voltage range is from 4.5 V to 65 V.
VOUT | Output voltage sense pin. Senses the output voltage for nearly constant switching frequency control.
Exposed Pad G Thermal connection pad. Connect to a ground plane.

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @

MIN MAX UNIT
VIN, RT, VOUT to GND, SW to GND -0.3 67
Input voltage - \%
SW to GND (transient <100 ns) -2
ILIM to GND -0.3
Output voltage FB to GND -0.3 5 Y
COMM, DIM1, DIM2, to GND -0.3 6
Junction temperature, T, 150 oc
Storage temperature, Tgy -65 150

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000
V(Esb) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 +750

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Pins listed as £2000
V may actually have higher performance.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Pins listed as +750 V
may actually have higher performance.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Supply input voltage, V|y 4.5 65 \%
Junction temperature, T, -40 125 °C

Copyright © 2012-2015, Texas Instruments Incorporated
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7.4 Thermal Information

LM3492HC
THERMAL METRIC® (Hfs"é%m UNIT
20 PINS
Rgia Junction-to-ambient thermal resistance 36.8 °CIW
Raic(top) Junction-to-case (top) thermal resistance 21.8 °C/IW
Rgip Junction-to-board thermal resistance 18.3 °C/IW
Wit Junction-to-top characterization parameter 0.6 °C/IW
Wig Junction-to-board characterization parameter 18.1 °C/IW
Raic(bot) Junction-to-case (bottom) thermal resistance 2 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

7.5 Electrical Characteristics
over operating free-air temperature range, Vy = 12 V (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT

START-UP REGULATOR (VCC PIN)

Cycc = 0.47 pF, no load 4.7 55 6.3 \Y
Vvee Output voltage

lvce =2 mA 4.7 5.5 6.3 \Y
Vee uvio X\‘r:eiﬁc')rl‘ d“(rtf\%"oo)'tage lockout Ve increasing, T = Ty = 25°C 3.56 3.78 4| v
Vee uvLo-Hys VCC pin UVLO hysteresis Vycc decreasing, Tp = T; = 25°C 310 mV
N lin Operating current No switching, Vg = 0 V 3.6 5.2 mA
In.sp gﬁuotgce)\r:rtlmg current, device Vey =0V 30 05 LA
lvee VCC pin current limit @ Vyec =0V 18 30 mA
Vecvout g&%%g gyt\elgd_cr)ltage when x'(’;‘uj Sggn\’/lvcc =1 mA, 3.5 4.1 4.7 \%
ENABLE INPUT
VEN EN pin input threshold Ve rising 1.55 1.63 1.71 \%
VEN-HYS EN pin threshold hysteresis Ve falling 194 mV
IEN-SHUT Enable pullup current at shutdown Ven=0V 2 HA
len-oPER E;:ggoaullup current during Ven =2V 40 LA
CURRENT REGULATOR
V\ReE IREF pin voltage 45V<SVys65V 1.231 1.256 1.281 \Y
VpHcs0 lout = 50 MA, Riger = 25 kQ 0.160 0.225 0.290
VpHc100 Viour under DHC lout = 100 mA, Riger = 12.5 kQ 0.38 0.48 0.58 v
VbHc200 lout = 200 MA, Riger = 6.25 kQ 0.81 0.99 1.17
VpHc2s0 louT = 250 MA, Riger = 5 kQ 0.81 1.21 144

(1) The VCC pin provides self bias for the internal gate drive and control circuits. Device thermal limitations limit external loading.
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Electrical Characteristics (continued)

over operating free-air temperature range, V\y = 12 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VIOET = YDHCOSO, Rirer = 25 KQ, 475 50 525
IOUT50 TA = T_] = 25 C
VIOUT = VDHCSO. RIREF =25kQ 46.5 50 53.5
VIOET = YDH(glOOy Rirer = 12.5 kQ, 97 100 103
louT100 Ta=T,=25C
V| =V, R =12.5kQ 96 100 104
Current output under DHC louT — DHC100, IRER — Q mA
VIOET = YDHCOZOOv Rirer = 6.25 kQ, 194 200 206
louT200 Ta=T,=25C
VIOUT = VDHC200! RIREF =6.25 kQ 192 200 208
VIOET = YDH(gzso, Rirer = 5 kQ, 2413 250 258.8
louT2s0 Ta=T,=25C
VIOUT = VDHC250! RIREF =5kQ 238 250 262
louTore Leakage at maximum work voltage | Vpyu =0, Viout =65V 5 HA
IOUT =50 mA, RlREF =25 kQ,
Vioutso-min lout = 0.98 X loytse, Ta =Ty =25°C 0.1 0.15
lout = 100 mA, Riggr = 12.5 kQ,
Vi0UT100-MIN lout = 0.98 X loyT100, 0.2 0.35
TA = T_] =25°C
Minimum work voltage lout = 200 MA, Riger = 6.25 kQ, \
Vi0UT200-MIN lout = 0.98 X loyT200, 0.4 0.65
TA = T_] =25°C
lout =250 MA, Rggr = 5 kQ,
ViouT250-MIN lout = 0.98 X loyt2s0, TA =Ty = 0.5 0.82
25°C
VDIM-HIGH DIM voltage HIGH 1.17 \%
Vbim-Low DIM voltage LOW 0.7 \%
BOOST CONVERTER
; Vephe = 1.6 V, Veg =3V,
lcpHe-sre CDHC pin source current Viout = 0 V, DIM = High 60 HA
. . VCDHC =1.6 V, VFB =3 V,
lcDHC-SINK CDHC pin sink current Viout = 3 V, DIM = High 56 HA
lconcpuLup  CDHC pin pullup current oM = LoW, Veore = 2.3 V. 10 200 500| nA
FB =
Integrated MOSFET peak current
loLmax limit threshold 33 3.9 a5 A
Half integrated MOSFET peak _
leL-HaLr current limit threshold Rium = 11 kQ 2 A
Rps(on) Integrated MOSFET On-resistance | Isyy = 500 mA 0.19 0.43 Q
VEBTH-PWRGD Power-Good FB pin threshold 2.25 \%
V. FB pin overvoltage protection Vs rising, Vepre =4 V 2.64 2.76 2.88 v
FB-OvP threshold FB pin OVP hysteresis Vg falling 0.1 0.215 0.323
Ies Feedback pin input current Veg =3V 1 HA
VIN =12 V, VOUT = 65V,
Rrr = 300 kQ 1460
VIN =24V, VOUT =32.5V,
ton ON timer pulse width ns
VIN =12 V, VOUT = 65V, 550
RRT =100 kQ
VIN =24V, VOUT =32.5V,
RRT =100 kQ 350
) ON timer minimum pulse width at
fonminiLM current limit 145 ns
torr OFF timer pulse width 145 350 ns
6 Copyright © 2012-2015, Texas Instruments Incorporated
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Electrical Characteristics (continued)

over operating free-air temperature range, V\y = 12 V (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT
COMM PIN
. COMM goes LOW during V oyt

ViouT-0ov IOUT pin overvoltage threshold rising, other Viour = 1.2 V. 5.6 6.7 7.8 \%
Vcomm-Low COMM pln at LOW 5 mA into COMM 0.7 \%
|LEAK-FAULT COMM pln open |eakage Vecomm =5V HA
THERMAL PROTECTION
Totm Overtemperature indication T, rising 135 °C

Over-temperature indication . o
ToTM-HYS hysteresis T, falling 15 C
Tsp Thermal shutdown temperature T, rising 165 °C

Thermal shutdown temperature . o
Tsp-HYS hysteresis T; falllng 20 C

7.6 Typical Characteristics

Unless otherwise specified the following conditions apply: T; = 25°C, V,y = 12 V with configuration in typical application circuit
for I gp = 250 mA shown in this data sheet.

6 T T 1 T 6
Ve = 2V; Vg = OV -40°C
5 Enable mode, no switching - 5 —
L T
4 ==t =T 125°C 4
< / — 250C \
S
£
=Z3 83
= > \
0
2 25C Tyog 1250C__| 2
\ V¢ Externally Loaded
1 FVen =0V \ ‘ 1 —Vpm = 0V, no switching
Shutdown mode l »L »L
i
0 : 0
0 10 20 30 40 50 60 70 0 10 20 30 40

Vin (V)

Figure 1. Quiescent Current vs Input Voltage

lycc (MA)

Figure 2. VCC Voltage vs VCC Ouput Current

6.0
55 —

85.0

>
4.5 / V¢ not loaded externally —
Vpim = 0V, no switching
4.0
4.5 6.0 7.5 9.0 10.5

Vin V)

Figure 3. VCC Voltage vs Input Voltage
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L 600
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o —_
200
8 12 16 20 24
Vin (V)

Figure 4. Switching Frequency vs Input Voltage
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Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: T; = 25°C, V,y = 12 V with configuration in typical application circuit

for I gp = 250 mA shown in this data sheet.
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0.00 /f —
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Figure 5. LED Current Regulation vs Temperature
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Figure 6. MOSFET On-Resistance vs Temperature
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Figure 7. Efficiency vs Input Voltage
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Figure 8. LED Current Regulation vs Input Voltage
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Figure 9. Power-Up Waveform
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Figure 10. Enable Transient Waveform
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Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: T; = 25°C, V,y = 12 V with configuration in typical application circuit

for I gp = 250 mA shown in this data sheet.

I, £p (100 MA/Div)

Vg (20V/Div)

TIME (2 ps/DIV)

Figure 11. Steady-State Operation
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Vi (2V/Div

=

I.ep (100 MA/Div)
| ] | |

TIME (2 ms/DIV)
Dimming frequency = 200 Hz

Figure 12. LED 50% Dimming Waveforms
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Figure 13. 1000:1 LED Dimming Waveforms
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Figure 14. 10000:1 LED Dimming Waveforms
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Figure 15. Switching Frequency vs Input Voltage
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Figure 16. Switching Frequency vs Input Voltage
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Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: T; = 25°C, V,y = 12 V with configuration in typical application circuit

for I gp = 250 mA shown in this data sheet.
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Figure 17. Switching Frequency vs Output Voltage
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Figure 18. Switching Frequency vs Output Voltage
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8 Detailed Description

8.1 Overview

The LM3492HC device integrates a boost converter and a two-channel current regulator to implement a highly
efficient and cost effective LED driver for driving two individually dimmable LED strings with a maximum power of
15 W and an output voltage of up to 65 V. The boost converter provides power for the LED strings, and the
current regulator controls the dimming of the LED strings individually. The device integrates an N-channel
MOSFET switch and a two-channel current regulator to minimize the component count and solution size.

The two-channel current regulator responds quickly to allow a very high contrast ratio of 10000:1. The two
channels dim individually. A digital command sent through the COMM pin disables Channel 1 of the current
regulator. In this case, the DIM1 pin can serve only as a clock signal for the data flow of the COMM pin. The
power dissipated by the current regulator is adaptively minimized by Dynamic Headroom Control to maximize
efficiency.

When used in automotive LCD back-light panels, the device can operate efficiently for inputs as high as 65 V.
Diagnostic functions including power good indication, over-temperature indication, output current overvoltage and
undervoltage indications facilitate the interface of the device application circuit with external micro-processors
(MCUs). The device does not latch off and continues to operate in the presence of the indications. Other useful
features include thermal shutdown, VCC undervoltage lockout, and precision enable.

8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Switching Frequency

The boost converter of the LM3492HC device employs a projected-on-time (POT) control method to determine
the on-time period of the MOSFET with respect to the input and output voltages and an external resistor Rgr.
During the on-time period, the boost inductor charges up, and the output capacitor discharges to provide power
to the output. A cycle-by-cycle current limit (which is 3.9 A typically and programmable by an external resistor)
protects the MOSFET. After the on-time period, the MOSFET turns off and boost inductor discharges. The next
on-time period starts when the voltage of the FB pin drops below a threshold which is determined by dynamic
headroom control (DHC) and operates from 1.05 V to 2 V. DHC affects the threshold when either the DIM1 pin is
high or the DIM2 pin is high.

During POT control operation, the boost converter maintains switching at a nearly constant frequency. During
most operating conditions, the switching frequency depends on mainly the value of Rg (Figure 19) but may see
some variation with changes in input or output voltage. Also, POT control operation requires no compensation
circuit and offers fast transient response of the output voltage. Applications that require very wide input voltage or
very wide output voltage ranges may see some variation in the switching frequency as shown in Figure 20 and
Figure 21. More switching frequency graphs can be found in the Typical Characteristics section.
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Feature Description (continued)

8.3.2 LDO Regulator

The LM3492HC device offers an integrated, 5.5-V, LDO regulator. For stability, connect an external capacitor
Cvcc of more than 0.47-pF between the VCC and GND pins. The current limit of the LDO is typically 30 mA. The
LDO regulator can be used to pullup the open-drain COMM pin with an external resistor, and sources current to
the ILIM pin to adjust the current limit of the integrated MOSFET. When the voltage on the VCC pin (V¢c) is
higher than the undervoltage lockout (UVLO) threshold of 3.78 V, the device becomes enabled and the CDHC
pin sources a current to charge up an external capacitor (Ccpnc) to provide a soft-start function.

8.3.3 Enable and Disable

To enable the LM3492HC device, the voltage on the EN pin (Vgy) must be higher than an enable threshold of
typically 1.63 V. If the voltage on the EN pin (Vgy) is lower than 1.43 V, the device shuts down. In this case, the
LDO regulator turns off and the CDHC pin becomes internally grounded. The EN pin internally pulls up. After
enable, a 40-pA current source pulls up the EN pin. If the EN pin is connected to low such that the device is
shutdown, the pullup current is reduced to 2 pA. These advantages allow the device to effectively avoid false
disabling by noise during operation, and minimize power consumption during shutdown. The enable threshold is
so precise that it can support a UVLO function for the input voltage as shown in Figure 22. The input voltage can
be connected to the EN pin through a resistor divider consisting of Rgy; and Rgy,- This circuitry ensures that the
device operates after the input voltage reaches a minimum require value Vyen), @s shown in Equation 1.

Vinen = 1.63 V(1 + Rena/ Renz) 1

To maintain the Vgy level below the absolute maximum specification, place a Zener diode (Dgy) between the EN
pin and GND pins.

ViN

éRENl

GND
gRENZ Den

I_I—I

VIN

EN

Figure 22. Input Voltage UVLO Implemented by Precision Enable

After the EN pin is pulled low, the device performs the following functions:

» resets IOUT overvoltage and undervoltage indications and the corresponding COMM bit pattern
» resumes the switching frequency tuning to the normal frequency

» resumes channel 1 of the current regulator if it is disabled

Pulling the EN pin low for a short period of approximately 200 ns achieves these same functions with little or no
effect on the operation of the boost converter and the current regulator.

8.3.4 Current Limit

The current limit (Ic;) of the integrated MOSFET of the LM3492HC device provides a cycle-by-cycle current limit
for protection. This limit can be decreased by injecting a small signal current, I into the ILIM pin. The
relationship between I and I, is described in Equation 2.

leL = letmax) — 4290 % Iy
where
*  lcimax is the maximum current limit (3.9 A typical) 2)
As shown in Figure 23, create current limit functionality by connecting a resistor (R, ;) between the VCC pin and

the ILIM pin. The typical voltage on the ILIM pin is 0.7 V. To obtain the maximum current limit, connect the ILIM
pin to ground.
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Feature Description (continued)

Figure 23. Programmable Current Limit

8.3.5 Thermal Protection

An internal thermal shutdown circuit provides thermal protection. The circuit activates at 165°C (typically) to
disable the LM3492HC device. In this case, the LDO regulator turns off and the CDHC pin becomes internally
grounded. Thermal protection helps prevent catastrophic failures from accidental device overheating. When the
junction temperature of the device drops below 145°C (typical hysteresis = 20°C), the device resumes normal
operation.

8.3.6 Dynamic Headroom Control, Over-Ride, and Soft-Start

The LM3492HC device uses dynamic headroom control (DHC) to adjust the output voltage (Voyt) of the boost
converter to reduce the power loss of the current regulator and thereby maximize efficiency. To understand this
control function, consider V gp , the forward voltage of an LED string connecting to the IOUTn pin and V,qyr, as
the voltage of the IOUTn pin (where n is 1, 2 for channels 1, 2 of the current regulator). V|, gp, normally and
gradually decreases (in terms of minutes) as a result of the rise of the LED die temperature during operation. The
DHC adjusts the output voltage (Vout) by adjusting a threshold that is reflected in the voltage of the FB pin with
reference to Vioutn, (the difference between Voyr and Vi gp ). The capacitor Ceppc sets the sensitivity of DHC,
which affects the response time on adjusting Vgyur. If the capacitance value of Ccpyc is small, Vout is more
sensitive to the variation of V| gp .

Override the DHC functionality by adding internal pullup resistance or external pullup resistance by connecting
the CDHC and VCC pins with a resistor. Use a value of approximately 10 MQ. In this case, the voltage of the
CDHC pin rises above 2.5 V, and the voltage of the FB pin rises until the voltage reaches the overvoltage
protection threshold. Because the pullup is weak, DHC override occurs only at a low contrast ratio (approximately
< 1%).

The Ccpnc capacitor acts to control the soft-start functionality. During the start-up period, the voltage of the
CDHC pin rises from 0 V to 2.25 V at a rate that depends on the value of the Ccpnc capacitor. This limitation
ensures that the voltage of the FB pin (as well as the output voltage) ramps up in a controlled manner, and
effectively implements a soft-start function.

An internal switch grounds the CDHC pin during any of the following cases:
*  Vycc is below the VCC UVLO threshold

* athermal shutdown occurs

» the EN pin is pulled low

The CDHC pin cannot be connected to the ground externally.

8.3.7 Current Regulator

The LM3492HC device integrates a two-channel current regulator for controlling the current of two LED strings.
The two LED strings dim individually by applying individual dimming signals to the DIM1 and DIM2 pins for LED
strings 1 and 2, which are connected from the VOUT pin to the IOUT1 and IOUT2 pins. The device pulls the
DIM1 and DIM2 pins low internally. The lowest contrast ratio is 10000:1. The finest pulse width of the dimming
signal for the DIM1 and DIM2 pins is 300 ns.

14 Copyright © 2012-2015, Texas Instruments Incorporated
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Feature Description (continued)

The device sets the current of an LED string (I gp) from 50 mA to 250 mA by using an external resistor Riger
connected between the IREF pin and ground. Figure 24 describes the relationship between I gp and Rigee. The
two channels of the current regulator can work in parallel for only one LED string by connecting the IOUT1 and
IOUT2 pins together to provide an LED current of up to 500 mA. In this case, connect the DIM1 and DIM2 pins
together.
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O \\
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Figure 24. LED Current vs Current Reference Resistance Figure 25. Over-Power Protection
(RiIRer)

If the voltage on the IOUTn (n = 1, 2) pin is higher than 24 V when channel n is on, the regulated current of
channel n reduces linearly if the voltage further increases (as shown in Figure 25). The regulated current of
another channel is not affected. This over-power protection feature avoids damaging the current regulator owing
to the shorting of many LEDs in one string.

8.3.8 Output Voltage Feedback

The device feeds the output voltage back to the FB pin through a feedback circuit consisting of Rrgq, Rego, and
Ceg as shown in Figure 26. To assist the feeback functionality, maintain a value of 10 pF for Cgg. The DC
component of the output voltage feedback uses Rrg; and Rgg,. The voltage of the FB pin Vg can be adjusted by
DHC. When Vg reaches Vegoyp, the maximum output voltage of the boost converter Voyrmax) reaches its
maximum, as shown in Equation 3.

Voutmax = 2.88 V (1 + Regy/ Reso) (3)

During DHC operation, maintain the output voltage at a nominal voltage but not the maximum. The nominal
output voltage (Vournom)) is described in Equation 4.

Voutnom = Max (Vigpn + Viourn): N =1, 2

where
*  Viep,n is the forward voltage of LED string n
*  Viourn is the voltage of the IOUTn pin, where n is 1, 2 for channels 1, 2 of the current regulator) (4)

The minimum value of Viqyr, is approximately 5 Q x Il gp. The nominal voltage of the FB pin (Vegnom) IS
recommended to be from 1.05 V to 2 V. Equation 5 describes the relation between Voyrmax), Vournom) and
VFB(nom):

VOUT(max) = VOUT(nom) x2.88V/ VFB(nom) (5)
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Feature Description (continued)

Figure 26. Output Voltage Feedback Circuit

8.3.9 Overvoltage Protection

When Vg is higher than the FB pin overvoltage protection (OVP) threshold Veg.ovp (typically 2.76 V and
maximum 2.88 V), the on-period of the integrated MOSFET stop immediately, and the MOSFET keeps off until
Vg falls back below below 2.545 V (typical hysteresis 0.215 V).

An alternative method to implement OVP is to directly monitor Vg1 instead of Vgg. An external circuit as shown
in Figure 27 is required. Current is injected to the ILIM pin to drive the LM3492HC device to the current limit
mode once Vgyr is higher than the avalanche voltage of the Zener diode Dgyp plus 0.7 V, the typical voltage on
the ILIM pin. In this case, the device imporses a maximum limit on Vgyt. However, at the maximum limit of Vgyr,
Vg must be higher than 2.25 V to avoid affecting the start-up of the device.

VOUT
ILIM

Figure 27. External OVP Circuit

8.3.10 Bidirectional Communication Pin

The COMM pin of the LM3492HC device is an open-drain bidirectional I/O pin for interfacing with an external
MCU for the following functions:

* power-good indication

» overtemperature indication

* output current overvoltage and undervoltage indications
» switching frequency tuning

» channel 1 disabling

Except for the power good indication and the overtemperature alerts, all data flow through the COMM pin is
serial and is latched by the falling edge of the signal applying to the DIM1 pin, even when channel 1 of the
current regulator is disabled. If the DIM1 pin remains only low or only high, either by an external circuit or by
allowing it to open and pull low internally, data does not flow. Figure 28 and Figure 29 show timing diagrams of
reading and writing a bit from and to the device through the COMM pin.

Pull up the COMM pin by an MCU 1/O pin, which has pullup capability, or an external resistor Rcomm cOnnected
to the VCC pin. Without this capability, the voltage of the COMM pin remains at zero. The rise time of the output
signal of the COMM pin depends on the pullup power. If the rise time is long (Rcomm iS too large or pullup power
from the connecting MCU 1/O pin is too weak), data may be ready after a longer duration after the falling edge. In
this case, the design requires a longer delay between the falling edge latching and the (input or output) bit.

16 Copyright © 2012-2015, Texas Instruments Incorporated
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Feature Description (continued)

DIM1/CLK 1. A falling edge of the DIM1/CLK pin signal DIM1/CLK
A latches a new bit from the LM3492HC A

f - i -
. i 2. The falling edge of the DIM1/
COMM 12. The new bit is ready COMM ' CLK pin signal latches the new
[ jon the COMM pin A bit and write it to the LM3492HC
| > '
¢ 3. The new bit can be read . — -
until the next falling edge 1. A new bit to be written .
should be ready at the COMM
pin before a falling edge
Figure 28. Read from the COMM Pin Figure 29. Write to the COMM Pin

8.3.10.1 Power-Good Indication

Upon start-up, the COMM pin reads low. The output voltage of the boost converter of the LM3492HC device
rises until the voltage on the FB pin (Vgg) reaches 2.25 V, when the COMM pin reads high to indicate power-
good. The power-good indication and the signal applied on the DIM1 pin are independent.

8.3.10.2 Overtemperature Indication

If the junction temperature of the LM3492HC device reaches 135°C, the COMM pin reads low, showing an
overtemperature indication. The external MCU considers to either turn off or reduce the brightness of the LED
strings to prevent overtemperature. The overtemperature indication and the signal applied on the DIM1 pin are
independent. The COMM pin reads high if the junction temperature falls below 120°C. The device does not latch
off and continues to operate in the presence of the overtemperature indication.

8.3.10.3 Output Current Undervoltage Indication

The LM3492HC device gives an IOUTn (n = 1, 2) undervoltage indication if the voltage of the IOUTn pin when
DIMn is high is lower than its minimum required voltage which can regulate |, gp, and the voltage of the CDHC
pin reaches its maximum. These conditions remain while the device applies 508 consecutive dimming signals on
the DIMn pin. This means that the current of the LED string n does not reach the regulation value. In most cases,
the IOUT undervoltage indication can be regarded as an open fault of the LED string n. A bit pattern (see
Table 1) can be read from the COMM pin. The device does not latch off and continues to operate in the
presence of the IOUT undervoltage indication.

8.3.10.4 Switching Frequency Tuning

After power good, the switching frequency (fgy) of the LM3492HC device can be tuned down 20% or 40%, or
resume normal by writing commands (refer to Table 2) to the COMM pin. This functionality helps avoid interfering
some sensitive devices, for example radios, working nearby the device. Upon reset, the switching frequency (fsy)
of the device resumes normal by default. In the presence of an overtemperature indication or any COMM bit
pattern, no command can be written to the device.

8.4 Device Functional Modes
There are no additional functional modes for this device.
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8.5 Programming

8.5.1 Output Current Overvoltage Indication

The LM3492HC device gives an IOUTn (n = 1, 2) overvoltage indication if the voltage of the IOUTn pin when
DIMn is higher than a threshold of typically 6.5 V. These conditions remain while the device applies 508
consecutive dimming signals on the DIMn pin. The IOUT overvoltage indication can be regarded as a short fault
of the LED string n except the following two cases:

* powering up the device at a very low dimming ratio such that Vg, maintains at a maximum and DHC is not
fast enough to reduce Vgyr

» during DHC override condition, a bit pattern (see Table 1) can be read from the COMM pin
The device does not latch off and continues to operate in the presence of the IOUT overvoltage indication.

Table 1. COMM Indication Bit Patterns

CONDITION PIN BIT PATTERN

IOUT1 0001
Overvoltage

I0UT2 0011

IOUT1 0101
Undervoltage

I0UT2 0111

8.5.2 COMM Pin Bit Pattern

Table 1 summarizes all COMM bit patterns of output current overvoltage and undervoltage indications. An
existing COMM bit pattern is cleared if one of the following condition occurs:

» the LM3492HC device is shutdown
* the LM3492HC device is disabled by pulling the EN pin low
» the overtemperature indication is appearing

Apply the clock signal on both DIM1 and DIM2 pins when the COMM bit pattern is read by an external MCU.
Before reading the COMM bit pattern, pull the EN pin low for approximately 200 ns to reset the COMM bhit
pattern. This situation does not affect the operation of the boost converter and the current regulator. After EN is
reset, if the IOUT overvoltage or undervoltage condition lasts for 508 consecutive clock cycles, the COMM pin
sends the COMM bit pattern for the MCU to read.

In case of overtemperature, the device pulls the COMM pin low to give an overtemperature indication overriding
any other pattern. After the overtemperature indication disappears, the COMM bit pattern appears before the
over-temperature indication appears again.

8.5.3 Channel 1 Disable

After a power good verification, channel 1 of the current regulator can be disabled by writing a command (see
Table 2) to the COMM pin. If LED string 1 is malfunctioning, channel 1 can be disabled and the signal applied on
the DIM1 pin can serve as only a clock signal for the data flow of the COMM pin. Channel 1 is by default enabled
after reset. If the overtemperature indication or any COMM bit pattern has already presented, no command can
be written to the LM3492HC device.

Table 2. Channel Control Commands

COMMAND BIT PATTERN
fsw resume normal 1111 0111 0111 0111
fsw tune down by 20% 1111 0001 0001 0001
fsw tune down by 40% 1111 0011 0011 0011
Channel 1 disable 1111 0101 0101 0101
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The LM3429HC/-Q1 device is ideal for automotive and marine GPS display and applications that require a high
contrast ratio.

9.2 Typical Application

The following procedures are to design an LED driver using the LM3492HC/-Q1 device.
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Figure 30. Typical Application Schematic

9.2.1 Design Requirements

The following procedures are to design an LED driver using the LM3492HC device with an input voltage ranged
from 10 V to 24 V, and two LED strings consists of 10 LEDs each with a forward voltage of 3 V for each LED
when running at 250 mA. The output power is 15 W. The switching frequency fgyy, is designed to be 300 kHz.

9.2.2 Detailed Design Procedure

9.2.2.1 Rgp1, Repy, and Cep

The nominal voltage of the LED string with 10 LEDs is 30 V, and the minimum voltage of the IOUTn pin (n = 1,
2) is 1.25 V when | gp is 250 mA. As a result, Voyrnom) IS 31.25 V. Design Voyrmax) to be 50 V. From Equation 5,
VEg(nom) IS @pproximately 1.8 V, which falls in the recommended operation range from 1.05 V to 2 V. Also, design
Rego to be 16.2 kQ. From Equation 3, Rgg; is calculated to be 265.1 kQ, and a standard resistor value of 261 kQ
is selected. Crg is selected to be 10 pF as recommended.

9222 L,

The main parameter affected by the inductor is the peak to peak inductor current ripple (I,g). To maintain a
continuous conduction mode (CCM) operation, ensure that the average inductor current I, ; is larger than half of
I_g. For a boost converter, I, ; equals to the input current I,y. Hence,

In = (Voutom) * 2%liep ) / Vin (6)
Also,
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Typical Application (continued)
ton = (1 = Vin/Vour) / fsw (7
L1 = (Vin X ton) / 2l 8

If V\y is maximum, which is 24 V in this example, and only one LED string is turned on (because the two
channels of the LM3492HC device are individually dimmable), Iy is minimum. From Equation 6 to Equation 8, it
can be calculated that liyginy, ton, @and L, are 0.326 A, 0.77 ps, and 28.5 pH. However,, from Equation 6, Iy is
maximum when Vy is minimum, which is 10 V in this example, and the two LED strings are turned on together.
Hence liymax is 1.56 A. Then, I is

IR =(VinXton) I Ly )
From Equation 7, t, is 2.27 ps. From (9), I r is 0.80 A. The steady-state peak inductor current I 1pgak) IS
lipeak) = lia + g/ 2 (10)

As a result, 1 1peak) is 1.96 A. A standard value of 27 pH is selected for L,, and its saturation current is larger
than 1.96 A.

9.2.23 D,

The selection of the boost diode D, depends on two factors. The first factor is the reverse voltage, which equals
to Vour for a boost converter. The second factor is the peak diode current at the steady state, which equals to
the peak inductor current as shown in Equation 10. In this example, a 100-V 3-A schottky diode is selected.

9.2.24 Cyand Coyr

The function of the input capacitor C,y and the output capacitor Cqyt is to reduce the input and output voltage
ripples. Experimentation is usually necessary to determine their value. The rated DC voltage of capacitors used
should be higher than the maximum DC voltage applied. Owing to the concern of product lifetime, TI
recommends ceramic capacitors. But ceramic capacitors with high rated DC voltage and high capacitance are
rare in general. Multiple capacitors connecting in parallel can be used for C,y and Cgoyr. In this example, two 10-
HF ceramic capacitor are used for C,y, and two 2.2-uF ceramic capacitor are used for Coyr.

9.2.25 Cycc

The capacitor on the VCC pin provides noise filtering and stabilizes the LDO regulator. It also prevents false
triggering of the VCC UVLO. Cyc is recommended to be a 1-pF, good quality and low ESR ceramic capacitor.
9.2.2.6 Ccpuc

The capacitor at the CDHC pin not only affects the sensitivity of the DHC but also determines the soft-start time

tss, the time for the output voltage to rise until power good. tsg is determined from the following equation:
CCDHC X 2.25V
=150 A (11)

In this example, Ccpnc is recommended to be a 0.47-uF good quality and low ESR ceramic capacitor.

9.2.2.7 Rgr and Riger

The resistors Ryt and Rger set the switching frequency fgyy, of the boost converter and the LED current | gp
respectively. From Figure 19, if fgyy is 300 kHz, Ry is selected to be 442 kQ. From Figure 24, if I gp is 250 mA,
Rirer is selected to be 4.99 kQ.

9.2.2.8 Recoum

Because the COMM pin is open drain, a resistor Reoumm 0f 52.3 kQ is used to connect the VCC and COMM pins
to act as a pullup function.
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Typical Application (continued)
9.2.3 Application Curve

I e - =] e e
....I....I....I....i ........ Lo b b by vy
Chi 10.0v B M 400ps 5 0MSs 200ns kit
Chd 100mA G # Chd o 7E.0rmé
ILED =150 mA VOUT =30V VVlN =12V
Dimming frequency = 1 kHz Trace 1 = V,gyt; Trace 4 = channel 1 LED

Figure 31. PWM Dimming
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10 Power Supply Recommendations

Use a DC output power supply with a maximum output voltage capability greater than the maximum input voltage
for the application. The current rating of the supply should be greater than the maximum input current required by
the application.

11 Layout

11.1 Layout Guidelines

The layout of the printed-circuit-board is critical to optimize the performance of the LM3492HC device application
circuit. In general, external components should be placed as close to the device and each other as possible to
make copper traces short and direct. In particular, components of the boost converter Cyy, L1, D1, Cour, and the
LM3492HC device should be closed. Also, the output feedback capacitor Crg should be closed to the output
capacitor Coy7. The ground plane connecting the GND, PGND, and LGND pins and the exposed pad of the
device and the ground connection of the C;y and Cqyt should be placed on the same copper layer.

Good heat dissipation helps optimize the performance of the device. The ground plane should be used to
connect the exposed pad of the device , which is internally connected to the device die substrate. The area of
the ground plane should be extended as much as possible on the same copper layer around the device. Using
numerous vias beneath the exposed pad to dissipate heat of the device to another copper layer is also a good
practice.

11.2 Layout Example

GND

—L I I =Y ILIM I |
1 =1

VIN { T Jvn

CVCC
vee I |——| '—-

Sw PGND I |
()

swW B B PGND ] |

DIM2 T |

GND L
DIM1/CLK ] |

Rcovm

{"} THERMAL/POWER VIA

Figure 32. Layout Recommendation

=
VOUT |

IREF

CDHC

Rirer

CCDHC

(S |LGND T | ':;
’COMM T

F—

22

ik © 2012-2015

, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/lm3492hc-q1?qgpn=lm3492hc-q1
http://www.ti.com.cn/product/cn/lm3492hc?qgpn=lm3492hc
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS

www.ti.com.cn

LM3492HC-Q1, LM3492HC

ZHCSEC6B —MARCH 2012—-REVISED OCTOBER 2015

12 SFANSCRS SR

12.1 HMEER:
X 3G TEYT R EEEE . VEREEREREOR SO . SCRE S IX BRI TR, CLURRE R s SE G G 1A .
% 3. MR
R 7= Uk R 5EE HARSH THRS5H% M4 XE5HX
LM3492HC 15 o Ak 15 o Ak 15 o Ak 15 o Ak 15 o Ak
LM3492HC-Q1 15 o Ak 15 o Ak 15 o Ak 15 o Ak 15 o Ak

12.2 #HX&JHE

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.3 Tt

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.4 FHBRES
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12.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

LM3492HCMH/NOPB Active Production HTSSOP (PWP) | 20 73 | TUBE Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCMH
LM3492HCMH/NOPB.A Active Production HTSSOP (PWP) | 20 73 | TUBE Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCMH
LM3492HCMH/NOPB.B Active Production HTSSOP (PWP) | 20 73 | TUBE Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCMH
LM3492HCMHX/NOPB Active Production HTSSOP (PWP) | 20 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCMH
LM3492HCMHX/NOPB.A Active Production HTSSOP (PWP) | 20 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCMH
LM3492HCMHX/NOPB.B Active Production HTSSOP (PWP) | 20 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCMH
LM3492HCQMH/NOPB Active Production HTSSOP (PWP) | 20 73| TUBE Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCQMH
LM3492HCQMH/NOPB.A Active Production HTSSOP (PWP) | 20 73| TUBE Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCQMH
LM3492HCQMH/NOPB.B Active Production HTSSOP (PWP) | 20 73| TUBE Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCQMH
LM3492HCQMHX/NOPB Active Production HTSSOP (PWP) | 20 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCQMH
LM3492HCQMHX/NOPB.A Active Production HTSSOP (PWP) | 20 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCQMH
LM3492HCQMHX/NOPB.B Active Production HTSSOP (PWP) | 20 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LM3492
HCQMH

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional

waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.
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® | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF LM3492HC, LM3492HC-Q1 :
o Catalog : LM3492HC

o Automotive : LM3492HC-Q1

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LM3492HCMHX/NOPB |HTSSOP| PWP 20 2500 330.0 16.4 6.95 | 7.0 14 8.0 16.0 Q1
LM3492HCQMHX/NOPB |HTSSOP| PWP 20 2500 330.0 16.4 6.95 | 7.0 14 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM3492HCMHX/NOPB HTSSOP PWP 20 2500 367.0 367.0 35.0
LM3492HCQMHX/NOPB HTSSOP PWP 20 2500 356.0 356.0 35.0
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
LM3492HCMH/NOPB PWP HTSSOP 20 73 495 8 2514.6 4.06
LM3492HCMH/NOPB.A PWP HTSSOP 20 73 495 8 2514.6 4.06
LM3492HCMH/NOPB.B PWP HTSSOP 20 73 495 8 2514.6 4.06
LM3492HCQMH/NOPB PWP HTSSOP 20 73 495 8 2514.6 4.06
LM3492HCQMH/NOPB.A PWP HTSSOP 20 73 495 8 2514.6 4.06
LM3492HCQMH/NOPB.B PWP HTSSOP 20 73 495 8 2514.6 4.06
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MECHANICAL DATA

PWP (R—PDSO—GQO) PowerPAD™ PLASTIC SMALL OUTLINE
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A.All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQOZ for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
E. Falls within JEDEC MO-153

NOTES:

PowerPAD is a trademark of Texas Instruments.
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